Background Limited real-world research has investigated ramucirumab for the treatment of patients with gastric or gastroesophageal junction (GEJ) cancer. This study was designed to describe ramucirumab monotherapy or combination therapy use in a community oncology practice setting. Methods This was a retrospective observational cohort study to describe the treatment of adult patients with gastric or GEJ cancer who initiated ramucirumab treatment between 4/21/14 and 6/30/16 within the US Oncology Network. Kaplan-Meier method and Cox proportional hazards regression analyses were used to assess clinical outcomes. Multivariable logistic regression models were used to assess patient-level predictors of ramucirumab monotherapy or combination therapy. Results A total of 505 patients (mean age 64.4 years; 75.1% male) were included in the analysis; subgroups included: monotherapy (22.8%; n = 115), combination therapy (77.2%; n = 390). Monotherapy patients were significantly older (67.7 vs. 63.4 years; P = 0.0006), received ramucirumab approximately 3 months later after diagnosis (16.9 vs. 14.1 months; P = 0.0318) and more frequently initiated ramucirumab in the third or later lines of treatment (38.3 vs. 8.2%; P<0.0001) than patients receiving combination therapy. Median overall survival (OS) for monotherapy and combination therapy from the start of second-line therapy was 5.5 months (confidence interval [CI] 4.3, 7.8) and 7.4 months (CI 6.6, 8.8), respectively. Conclusions The results showed that patients who received ramucirumab monotherapy started ramucirumab therapy later after diagnosis and were older than those who received ramucirumab in combination. Additionally, survival data suggest that outcomes observed in community oncology practices are similar to data from phase 3 clinical trials.
Introduction
In the United States (US), approximately 28,000 patients are diagnosed with gastric or gastroesophageal junction (GEJ) cancer annually and 10,960 deaths were estimated in 2017 [1] . The majority of these cases (~ 90%) present with adenocarcinoma, which originates from the mucosa of the stomach [2] . While mortality rates have declined, gastric cancer is the second leading cause of global cancer-related death after lung cancer [2] . The prognosis for this disease is poor, with an overall estimated 5-year survival of about 30% in the US [3] . Although patients with localized disease have a reasonable prognosis through surgical intervention and perioperative treatment, over 60% of patients are diagnosed at an advanced stage, with an estimated 5-year survival rate of only 5% for patients with distant metastases.
Chemotherapy and targeted treatments are recommended for patients with advanced or metastatic gastric or GEJ cancer [4] . Systemic, multi-agent chemotherapy is associated with improved survival in the first-line setting [5] . Preferred second-line treatment options recommended by the National Comprehensive Care Network (NCCN) include cytotoxic agents (i.e., docetaxel, paclitaxel, irinotecan, fluorouracil/ irinotecan), as well as the anti-angiogenic, ramucirumab (used alone or in combination with paclitaxel) [4] . The 
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introduction of targeted therapies, such as ramucirumab, has provided patients with advanced or metastatic gastric or GEJ cancer with additional treatment options, yet there is uncertainty in routine clinical practice about the outcomes of these therapies outside of a clinical trial setting. Additional evidence would benefit patients and healthcare providers navigate this emerging and complex treatment landscape and identify the most appropriate course of therapy.
Ramucirumab is a human IgG1 monoclonal antibody vascular endothelial growth factor receptor (VEGFR) 2 antagonist [6] . Through blocking activation of VEGFR-2 by VEGF-A and the other VEGF ligands, ramucirumab inhibits the angiogenesis pathways involved in the development and progression of gastric cancer [7] . The safety and efficacy of ramucirumab were demonstrated in two Phase 3 multicenter, international, randomized, double-blind, placebo-controlled trials of patients with advanced or metastatic gastric or GEJ adenocarcinoma who experienced disease progression on or following fluoropyrimidine-or platinum-containing chemotherapy [8, 9] . In the REGARD trial, ramucirumab monotherapy was associated with significantly improved overall survival (OS) compared to best supportive care (5.2 vs. 3.8 months; hazard ratio [HR] 0.776 [95% CI 0.603-0.998]; P = 0.047) [8] . Similarly, patients randomized to ramucirumab and paclitaxel in the RAINBOW trial had significantly longer OS compared to those who received paclitaxel alone (9.6 vs. 7.4 months; HR 0.807 [95% CI 0.678-0.962]; P = 0.017) [9] . In both trials, ramucirumab, either alone or in combination, was generally well tolerated [8, 9] .
Based on these results, the US Food & Drug Administration (FDA) approved ramucirumab as a monotherapy (April 21, 2014) and in combination with paclitaxel (November 5, 2014) for the treatment of advanced or metastatic gastric or GEJ adenocarcinoma with disease progression on or after prior fluoropyrimidine-or platinum-containing chemotherapy [6, 10] .
The objective of this study was to assess demographic and clinical characteristics as well as treatment patterns and outcomes associated with ramucirumab alone or in combination with cytotoxic agents (e.g., paclitaxel) for the treatment of gastric or GEJ adenocarcinoma. The treatment patterns and survival outcomes among patients who received either ramucirumab monotherapy or in combination were investigated. Additionally, factors associated with monotherapy and combination therapy utilization were explored.
Methods

Study Design
This was a retrospective observational cohort study that examined patient profiles, treatment patterns and outcomes for patients with gastric or GEJ cancer treated with ramucirumab who received healthcare services at US Oncology Network (USON) clinics. The date of initiation of a ramucirumab-containing regimen was defined as the index date. Eligible patients were 18 years of age or older at the index date who had a documented diagnosis of gastric or GEJ cancer, initiated ramucirumab between April 21, 2014 and June 30, 2016, received care at USON sites utilizing the full electronic healthcare record (EHR) capacities at the time of treatment and had ≥ 2 office visits during the study observation period. Patients enrolled in clinical trials at any time during the study period were excluded because they had clinical scenarios that deviated from the population of interest.
The EHR of the USON, iKnowMed (iKM), was used in this study. iKM is an oncology-specific EHR system that captures outpatient practice encounter history for patients who receive care within the USON, including, but not limited to laboratory tests, diagnosis, therapy administration, line of therapy (LOT), cancer stage, comorbidities and performance status. iKM captures data on outpatient medical oncology care for patients treated across the US (19 states). Overall, the iKM EHR system captures data on approximately 10% of newly diagnosed cancer patients in the US.
To supplement available vital status information in iKM, the Social Security Death Index (SSDI) was used to estimate OS. OS was defined as the interval between the index date and the date of death as documented in the SSDI and iKM EHR database. Patients alive at the end of the database were censored on the study end date or the last visit date available in the database, whichever occurred first. Because the study derived data mainly from the iKM database to meet the objectives, an intent-to-treat perspective was applied.
Statistical analysis
Patient profiles, treatment patterns and outcomes were assessed for all patients identified in the iKM database who met inclusion criteria, as well as for the subgroups of patients receiving monotherapy or combination therapy. Classification of patients into the monotherapy and combination subgroups was based on their initial ramucirumab regimen. For example, if a patient began ramucirumab monotherapy and advanced to a new LOT with a combination ramucirumab regimen, that patient was considered to be a monotherapy subgroup member.
Demographic, clinical and treatment characteristics were summarized for the entire patient cohort and subgroups. Continuous variables were described by mean, standard deviation, median and interquartile range (IQR). Categorical variables An alpha level of 0.05 was the primary criterion for statistical significance of this study. Results were reported in aggregate using SAS ® 9.4 (SAS Institute Inc., Cary, NC, US). Stepwise multivariable logistic regression models were used to evaluate predictors for the use of ramucirumab monotherapy versus combination therapy. Predictors, consisting of baseline demographic and clinical factors, found to be significant at the 0.25 level were entered into the model, while final predictors retained in the model had to be significant at the 0.10 level. To increase statistical power, predictors identified in the final model were refitted in a logistic regression model to avoid exclusion of patients with missing data due to unselected predictors.
Kaplan-Meier curves were constructed for the monotherapy and combination therapy subgroups to illustrate OS and time to treatment discontinuation (TTTD) profiles and medians with their respective 95% confidence intervals (CIs). Survival rates were calculated at 6, 9, 12 and 18 months for OS. Conversely, treatment discontinuation rates for TTTD were calculated at 3-, 6-, 9-and 12-month periods.
Similar to evaluating baseline and clinical predictive factors in the multivariable logistic regression models, the same was done for univariate and multivariable Cox proportional hazards regression analyses for OS and TTTD. That is, stepwise multivariable Cox proportional hazards regression models utilized a 0.25 significance level for predictors to be entered into the model and a 0.10 level for them to remain in the model. Demographic and clinical confounding factors were included in the multivariable logistic regression and Cox proportional hazards regression models based on their clinical relevance and/or the univariate significance level.
Results
Patient demographic and clinical characteristics
A total of 505 patients (mean age 64.4 years; 75.1% male; 80.6% White; 57.2% treated in Southern US; Table 1) were included in the analysis; subgroups included: monotherapy (22.8%; n = 115) and combination therapy (77.2%; n = 390; Fig. 1 ). The majority of the study population, 73.5%, had either Medicare (39.0%) or private (34.5%) insurance (Table 1) . Healthcare services received in hematological and medical oncology settings were the primary source for this study population (89.1%). Physicians treating less than 100 patients annually represented almost three-fourths of the care administered (74.1%). Of the overall study population, 42.8% had normal weight, while 22.6% and 18.8% were overweight and obese, respectively. Histology was infrequently documented, with a record of adenocarcinoma for 5.9% of patients, signet ring carcinoma for 0.8% of patients and missing information for 93.3%. Compared to those who received combination therapy, the monotherapy subgroup was significantly older (67.7 vs. 63.4 years; P = 0.0006).
Patients had been diagnosed with gastric or GEJ cancer for an average of 14.7 months (± 14.7) at the index date, with a mean of 2.1 months (± 2.6) between their prior therapy and the start of ramucirumab treatment (Table 1) . Most Table 1 ). A significantly higher number of patients who received ramucirumab in combination received prior therapy compared to the monotherapy subgroup (88.0 vs. 78.3% with prior therapies; P = 0.009). Furthermore, a difference of prior regimens was observed between the treatment groups. A higher use of irinotecan-, anthracycline-, platinum-and fluoropyrimidine-containing regimens were observed in the combination subgroup compared to patients receiving monotherapy (P = 0.0281, P = 0.0232, P < 0.0001 and P < 0.0001, respectively).
Treatment patterns
The majority (80.6%) of patients began ramucirumab treatment in the second-line setting (Table 2) . Approximately 70% of patients did not receive a subsequent treatment following discontinuation of ramucirumab. Ramucirumab dose modifications occurred among 14 (2.8%) patients; 12 (3.1%) who received combination therapy and 2 (1.7%) who received monotherapy. A significantly higher proportion of monotherapy patients initiated ramucirumab in the third-line setting or beyond, than those who received ramucirumab in combination (38.3 vs. 8.2%, respectively; P < 0.0001). While most patients (53.8%) received monotherapy following the approval of ramucirumab as a single agent (April 2014-November 2014), only 11.8% of patients received monotherapy after the FDA approval of ramucirumab plus paclitaxel in November 2014 (Table 1) . Throughout the study period, 5 patients switched from ramucirumab monotherapy to combination therapy, while 4 switched from combination therapy to monotherapy.
Clinical outcomes
The mean overall follow-up time from the index diagnosis to the last contact date, end of study period or date of death, whichever came first, was 11.1 months (± 6.4; Table 2 ). The mean duration of follow-up was significantly greater among patients who received combination therapy compared to those who received monotherapy (11.8 [± 6.3] vs. 8.8 [± 6.3] months; P < 0.0001).
Among patients who received ramucirumab in the second-line setting, the median OS durations for the monotherapy and combination therapy subgroups were 5.5 months (CI 4.3, 7.8) and 7.4 months (CI 6.6, 8.8), respectively (Fig. 2) . The multivariable Cox proportional hazard model identified several predictors of OS for patients who received ramucirumab monotherapy (Table 3) . Hispanic or Latino ethnicity, location of clinic (Northeast vs. South) and diarrhea were associated with a decreased risk of death. In contrast, patients with liver or peritoneal metastases had an increased risk of death than those without.
Among patients who received combination therapy, Hispanic or Latino ethnicity and body mass index (BMI; obese vs. normal) appeared to have a protective effect on OS (Table 3) . Patients with an Eastern Cooperative Oncology Group (ECOG) performance status score of 2 or greater, hematological and pulmonary comorbidities, lung Fig. 3 ). There were no statistically significant differences in TTTD by line of therapy in which ramucirumab was initiated. Patients in the monotherapy subgroup with metastases to the peritoneum or liver were observed have an increased risk of treatment discontinuation (Table 3) . In contrast, patients of Hispanic or Latino ethnicity were found to were observed to have a longer TTTD.
Several factors were found to be predictive of TTTD among patients treated with combination therapy (Table 3) . Hispanic or Latino patients, non-White patients, as well as obese or overweight had lower risk of discontinuation. Those with hematological or pulmonary comorbidities, prior irinotecan-containing treatment and weight loss of over 10% were associated with increased risk of discontinuation.
Predictive factors associated with monotherapy versus combination therapy
Patients with prior use of a fluoropyrimidine-containing therapy were less likely to receive monotherapy (odds ratio [OR], 0.33; P < 0.0001; Table 4 ). Initiation of ramucirumab by LOT was also a predictor of receiving monotherapy, and patients with an index date in the fourth-line setting were almost ten times more likely to receive monotherapy than patients who received it in the first-line setting (OR 9.82; P < 0.0047). Additionally, patients with an index date in LOT3 were 4.39 (P = 0.0244) times more likely to receive monotherapy compared to patients with first-line ramucirumab treatment. No other factors were consistently predictive of ramucirumab use, including age, gender, race, ethnicity, BMI, stage, comorbidities, histology, metastatic sites, toxicity or prior treatment.
Discussion
Real-world evidence has increasingly become a critical component of product development in a variety of therapeutic areas including oncology. There is increasing interest among providers, patients, industry, the FDA and other stakeholders to leverage real-world data outside of the traditional controlled, clinical trial setting to assist in the development of new drugs or expand labeled indications.
Broader clinical effectiveness and safety data could impact quality, delivery of care and outcomes by accelerating our understanding of how to optimally incorporate treatments into everyday clinical practice. Importantly, real-world outcomes can also confirm the results of clinical trial data in the community practice setting. This has become particularly relevant for oncology treatments in a variety of tumor types, including gastric and GEJ cancers and treatments such as ramucirumab. While the safety and efficacy of ramucirumab have been demonstrated in clinical trials, there is limited evidence of its use in real-world practice. To the best of our knowledge, this is the first study to examine patient characteristics, treatment patterns and clinical outcomes of ramucirumab for gastric or GEJ cancer in a community oncology setting. This information provides critical insight into providers' decision-making processes and, consequently, how ramucirumab is being used in realworld clinical practice. Moreover, this is the first study to demonstrate that clinical outcomes of patients receiving ramucirumab in the community oncology setting are comparable to those of patients in clinical trials.
In this study, the demographic and patient characteristics of gastric or GEJ cancer patients treated in the community setting appear to be similar to data reported in other clinical trials [8, 9] . Overall survival estimates were also consistent with trends found in ramucirumab clinical trials. Among patients who initiated ramucirumab in the second-line setting, the median OS was 5.5 and 7.4 months for monotherapy and combination patients, respectively. In comparison, Fuchs et al. [10] found a median OS of 5.2 months among patients who received ramucirumab monotherapy in the REGARD clinical trial (over 90% of this patient population represented Western countries). Likewise, Wilke et al. [9] observed a median OS of 8.5 months among patients from North America, Australia, Israel and Europe who received ramucirumab in combination with paclitaxel in the RAINBOW clinical trial.
Predictors of OS and TTTD were explored through Cox proportional hazard analyses. Hispanic ethnicity was Fig. 3 Time to ramucirumab treatment discontinuation among patients receiving ramucirumab as a monotherapy or combination therapy associated with a lower risk of death and discontinuation for both the monotherapy and combination therapy subgroups. No other consistent predictors were identified in this study, although individual model results were similar to previous literature that reported performance status, liver and peritoneal metastases as prognostic factors [11, 12] . While several factors were statistically correlated with these clinical endpoints for the individual treatment subgroups (monotherapy vs. combination therapy), the clinical interpretations of these results are not definitive. Examination of key demographic and clinical characteristics of study patients did not yield any unexpected predictors of monotherapy or combination therapy use. Instead, as anticipated, patients received ramucirumab in accordance with label indications. Following the November 2014 approval, combination therapy was received by more than 88% of all patients treated with ramucirumab. Patients previously treated with combination fluoropyrimidine-and platinum-containing regimens were more likely to receive ramucirumab monotherapy.
Expansion of the label indications during the study observation period are reflected by the differences in the proportion of patients receiving monotherapy or combination therapy. The overrepresentation of monotherapy that occurred during the April-November 2014 time period may have influenced the overall findings from this study, as both regimens were not FDA approved during this time.
These results demonstrate the real-world use of ramucirumab according to the label indications within the USON. In collaboration with the National Comprehensive Cancer Network (NCCN) and McKesson Specialty Health, the USON has developed treatment pathways to deliver evidence-based and standardized care to patients within the clinical workflow. The lack of other predictive factors associated with ramucirumab observed in this study, besides those supported by the label, suggests adherence to these treatment pathways. By decreasing variation in practice patterns and focusing on high-quality, cost-effective care, USON's treatment pathways have benefited patients' clinical outcomes.
The results of this study suggest the USON's iKM EHR provides a valuable source of real-world information about use of ramucirumab among a gastric or GEJ cancer patient population. This EHR system was designed by oncologists to advance the science of cancer care. With more than 975,000 patient records; 6800 concurrent users; and nearly 1000 provider users, the system provides insight into quality patient care and serves as a decision support tool at the point of care by providing staging and diagnosis suggestions according to criteria from the NCCN.
This was a retrospective assessment. The iKM data, despite its wealth of information about community-based oncology, is limited to clinics that are part of the USON; thus, results in this study cannot be generalized to the US population. There was the potential for documentation bias if there were omissions or errors. In addition, several key variables had a high proportion of missing structured data, which limits the conclusions that can be made.
Conclusions
Overall, the results confirm treatment pattern expectationsthat is, patients who received ramucirumab monotherapy did so prior to November 2014 and tended to be more heavily pre-treated than those who received it in combination. Moreover, based on these findings, it appears that clinical outcomes in the community oncology practices are similar to clinical outcomes as observed in clinical trials. The results of this study suggest the USON's iKM EHR provides a valuable source of real-world information about use of ramucirumab among a gastric or GEJ cancer patient population. Future research can expand upon these finding to explore other factors associated with use of ramucirumab and associated clinical outcomes. 
